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IAN INVESTIGATION
OF THE PRACTICABILITY
OF THE HALF-FREQUENCY
GENERATOR
Among modern prime movers the steam turbine occupies a
leading position due to its economy, compactness, and superior oper-
ating qualities, but some of its characteristics have imposed special
burdens upon the designers of steam turbine driven generating machin-
ery. Perhaps the most serious problems are those incident to the
use of high rotative speeds found in the turbine. Electrical re-
quirements as to frequency and voltage must be carefully considered
along with the severe mechanical stresses resulting from centrifugal
force. The best economy in any turbine, except very large ones, is
had at speeds of not less than 1500 revolutions per minute, and for
a frequency of 25 cycles this requires a two pole generator. Now
a two pole revolving field structure is one in which the iron and
copper arenot economically used, since there is of necessity so
much idle space. Since for commercial power circuits a frequency
of 25 cycles is almost universal it is important that there be
available an alternator combining good construction and suitability
for high turbine speeds.

The half-frequency generator seems to satisfy both these
conditions. It is in construction similar to a slip ring induction
motor, and is driven at twice synchronous speed in the direction in
which it runs as a motor. Under these conditions there are set up
in the rotor, electromotive forces of the same frequency as those im-
pressed on the stator, and if these electromotive forces are of the
same value as those in the stator, the rotor may be paralleled with
the stator and made to deliver electrical energy. This machine can
furnish only in-phase current and must be supplied with a leading
magnetizing current from an outside source, such as a synchronous
generator in parallel or a synchronous motor or convertor. The pro-
protion that this exciting current bears to the energy current output
of the half-frequency generator determines the value of 'the device as
a piece of commercial apparatus, as it is obvious that if it requires
an excessive exciting current the equipment to supply such current
must be large and expensive. It has been the purpose of this thesis
to determine by laboratory experiments the current relations of the
haIf-frequency generator under various conditions of operation.
Since the construction of a half-frequency generator is
similar to that of a slip-ring induction motor the theory of the lat-
ter may be used. At stand-still the slip is 1.0 and the electromo-
tive forces in the rotor are the same as in the stator; as the motor
speeds the slip approaches zero and the frequency of the rotor cur-
rent decreases. If now, the machine be driven mechanically by an
outside source in the same direction above synchronous speed, the slip
GENERAL THEORY

becomes negative and the rotor frequency begins to rise, with the
phase rotation in the opposite direction from that in the stator.
At a little above synchronous spe^d we have the induction generator
in which the load is increased by raising its speed. As the speed
continues to rise, the rotor frequency increases, until at twice syn-
chronous speed the rotor conductors are going ;)ust twice as fast as
the revolving field set up by the stator currents. The rotor and
stator frequencies are then the same and if of the same voltage may
be paralleled when one pair of rotor leads is reserved to make the
phase rotations occur in the same direction. At this point the
reason for the name, half-frequency generator, becomes apparent: the
frequency is half that which would be given by a synchronous genera-
tor of the same number of poles and at the same speed. At twice
synchronous speed the rotor currents set up a flux that sweepimg
past the stator conductors induces currents in them and magneticaliy
transfers part of the power from the mechanical source to the stator
which in its turn delivers electrical energy. The induction motor
has thus become a half-frequency generator, the moving and station-
ary parts of which both deliver power, altho an external leading watt-
less current is required for excitation.
This last statement means that the generator can supply
power only to a circiiit that takes a leading current of proper magni-
tude to supply the excitation. If the amount of load changes, its
power factor must change so that the leading wattless current will
remain unaltered, except, of cour.se, as it changes with the load on
the generator. If it is desired to feed a non-inductive circuit as,
for instance, incandescent lamps, the leading current must be furnish-
ed by a second machine that may be a synchronous generator, or syn-
chronous motor or convert or. If the half-frequency machine is to

supply power to an inductive load, the leading current furnished by
the exciter must be great enough to compensate f or the lagging watt-
less current of the load as well as deliver the leading wattless cur
rent for excitation.
THE APPARATUS USEE.
The machine used as the half-frequency generator in these
tests was a 7.5 kilowatt; 60 cycle, 3 phase alternator No. 94227, of
the General Electric company of Schenectady, Type AHB, class 6-7.5-
1200, Form A. At a speed of 1200 r.p.m. the machine was rated at
20 amperes at 220 volts. The regular revolving field of the alter-
nator was removed, and replaced by a wound rotor structure that fit-
ted interchangeably with the field. All the alternating current
apparatus was worked three phase, the stator of the machine being
connected in delta. In the combination used, the ratio of the stat-
or turns was not one to one, but was of such a value that when run-
ning at twice synchronous speed with 68 volts at 30 cycles impressed
upon the stator, the pressure between slip rings was 38 volts.
To bring these voltages together that the rotor and stator
might be paralleled it was decided to step up the rotor electromo-
tive force by the use of a bank of three auto-transformers. For
this purpose there were used three, 1 kilowatt, core type "Packard"
transformers made by the Hew York and Ohio Company, of warren, Ohio,
for distributing service at 550 and llo/55 volts. Each transformer
had two low tension coils of 110 turns each, so there were vround on
the core 23 turns of #8 double cotton covered copper wire, connected
between the two regular coils. Then a lead was brought out from
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one of the Junctions so that one regular coil and the extra turns
were included, to give 38 volts while the voltage over all three was
68 volts; thus
110 + 39 turns
=
139 turns
=
38 volts
llO+29+iio turns 249 turns 68 volts
The three transformers, altered in this way, were connected in Y as
in Fig. 3, Page 13.
In circuit between the rotor and stator was a three pole
synchronizing switch with three synchronizing lamps permanently con-
nected between the terminals.
The half-frequency generator was driven thru a belt by a
5 horse power Westinghouse 4 pole, shunt wound, 125 volt, 1600 r.p.m.
motor, No. 53471.
For supplying the leading exciting current there was used a
synchronous generator precisely similar to that used as a half-fre-
quency machine with the exception that the regular 6 pole revolving
field was used. The field terminals were brought out to slip rings
that were supplied with direct current from the power house bus bars.
1
The windings of the generator were connected in delta.
This synchronous generator was belt driven by a four pole
shunt motor made by the Bullock Electric Manufacturing Company of Cin
cinnati and rated at 15 horse power at 1100 r.p.m. at 220 volts.
For the sake of obtaining a lower speed the field was excited with
current at 220 volts while the armature was supplied from the 110
volt bus bars.
Part of the testing was done with the aid of a small double
current generator of the General Electric company. This machine
was designed for 7.5 kilowatts at 110 volts on the direct current
side when running at 60 cycles, or 1800 r.p.m. Armature leads
brought out to slip rings allowed its use as a three phase rotary,
and it was connected to the half-frequency generator thru a three
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wire line running under the floor. The rotary convertor as well as
the synchronous generator and the direct current motor were supplied
with field rheostats.
The ammeters and wattmeters used were of the dynamometer
type made by the Weston Electric Instrument Company of Newark, New
Jersey, while the voltmeters were of the Thomson electro dynamometer
type as manufactured by the General Electric Company. The pressure
leads of the wattmeters were connected thru double throw switches so ! ;
that one wattmeter might be used for measuring the power in a balanced
5 phase circuit with power factor between unity and .5.
For pure resistance load the three leads from the half-
frequency motor were taken to the corners of three lamp banks arrang-
ed in delta.
EXPEP IMENTA L WORK
.
Before the actual testa could be started a considerable
amount of preliminary work had to be done to determine the suitabil-
ity of the apparatus available in the laboratory, and to be sure that
all connections were properly made. This included the proper ar-
rangements of the leads to the upper terminal . blocks of the half-fre-
quency generator and of the synchronous generator, both of which ma-
chines had stator windings and conns ctions just alike. The stator
leads were brought out to twelve ."jacks in the lower t^-minal block
and connections were made to the upper block for delta as shown in
Pig. 1, and for Y as shown in Fig. 2, Page 12 .
The next thing was the determination of the voltage ratios
between rotor and stator of the half-frequency machine when running
under operating conditions. Its rated speed at 60 cycles was 1200

r.p.m.. so accordingly it was driven at 1200 r.p.m. while 68 volts
at 30 cycles were impressed upon the stator from the synchronous gen-
erator, the three phase delta connections being used on both machines.
The voltage used, namely 68 volts, was chosen because this & ve 110
volts on the d.c. side of the rotary convertor, the object being to
consume the d.c. power in 110 volt lamp banks. Under the conditions
described the electromotive force between any two slip rings of the
half-frequency generator was measured, and ?/as 38 volts in all three
cases. It was then apparent that transformers would have to be
used to bring the rotor and stator voltages together.
The transformers were then changed by the addition of ex-
tra turns, and were carefully tested to make sure that the extra
turns as well as the regular coils were so connected that the three
could be used as a three phase Y auto-transformer, Fig. 3, Page 15 .
The first test carried thru was that in which the half-fre-
quency generator sup-olied power to the three lamp banks arranged in
delta as shown in Fig. 4, Page 14 . A constant frequency of 30
cycles was maintained with the synchronous generator and its direct
current field excitation was maintained constant. At each load the
driving torque of thehalf-frequency generatorwas adjusted so that
the synchronous generator supplied a minimum current, this current
being that required for excitation of the half-frequency machine.
In this test, as in the following ones, the current coil of the watt-
meter was put in the middle of the three wires of the circuit and
the potential coil connected to either of the two outside wires by
means of a double throw switch. Care was taken that the wattmeters
were so connected that the readings were positive when power was trans-
fered in the direction showed by the arrows. As the power factor
rarely falls below one half no special provision was made for rever-

sing the potential coil terminals. As the load was balanced, in all
cases, but one ammet -t and one voltmeter were used at each point
where readings wereto be taken.
The second test was the one most productive of satisfactory
results. In this case the synchronous generator was first started
in order to supply a frequency and an exci tation to the half- fre-
quency machine, which then had its driving torque increased while
that of the synchronous machine was decreased. The result of these
movements was that the synchronous machine became a synchronous motor
while at the same time it supplied the leading current necessary for
the excitation of the half-frequency generator; the synchronous mo-
tor then furnished mechanical power to the Bullock d.c machine to
which it was belted and so pumped power back into the laboratory bus
bars. An ammeter in the direct current circuit showed the direction
and amount of the transfer of power. In this way the half frequen-
cy generator delivered a very considerable power output. At first
there was trouble with the cross currents set up by the rapid hunt-
ing due to loose belts, a current that was of too high a frequency
to make the ammeter needle vibrate, and that was reduced to zero by
tightening the belts to the proper tension. The apparatus was used
as in Fig. 5, Page 1ST .
A third test was made in which the half-frequency genera-
tor supplied power to the rotary convert or, which in its turn fed
banks of incandescent lamps. The exciting current for the half-fre-
quency machine was supplied by the rotary itself. The construction
of the rotary was such that its hunting action was excessive and it
was found impossible to make it carry more than the load it should.
For this reason the data for this test were discarded.
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In addition to the above, a number of readings were taken
to determine the various characteristics of the machines used. The
impedance of the half-frequency generator was found by locking and
short circuiting the rotor and impressing upon the stator 3 phase
voltages to force thru the stator windings currents up to about twice
full load. As each current was reached the circuit was opened and
the voltage observed. The current was supplied by the synchronous
generator at 30 cycles, both machines being connected in delta. In
order to get an average value regardless of relative position of ro-
tor and stator teeth this test was made with the rotor in three dif-
ferent positions.
DISCUSSION OF DATA.
In all cases the leading current supplied by the synchron-
ous machine is larger than normal because it must overcome the lagg-
ing magnetizing current of the transformers. In a machine designed
to be used as a half-frequency generator the stator and rotor volt-
ages should be the same, and this source of trouble would be elimi-
nated.
In all the tests the normal flux density of either the syn-
chronous or half-frequency machines was not exceeded so that errors
due to working at or above saturation are not included.
During the test in which the synchronous machine ran as a
motor, Fig. 5, there was a slight unavoidable change in speed due
to the vcr^load put upon the 5 horse power Westinghouse motor but
it was not more than 3 4 and the value of the results is not changed.
The large number of meters used, and the limitations of

\o
the laboratory equipment made it impossible to use calibrated in-
struments or to use the same ones in the same positions during the
different tests, so that some small inconsistencies in the data may-
be expected.
CONCLUSIONS
On a non-inductive load the half-frequency generator is
not a satisfactory machine to use, as the test with the lamp load
shows that by far the larger part of the energy is furnished by the
synchronous alternator which is supposed to be only an exciter.
Any half-frequency generator so operating would ofcourse be out of
the question as it would be very expensive for a given kilowatt out-
put; one feature in its favor is that it has an external character-
istic similar to that of a direct current shunt wound dynamo and so
would be uninsured by a severe overload; the exciter, however, un-
less well protected by circuit breakers would receive violent treat-
ment .
The field best suited to the half-frequency generator seems
to be the supply of power to a synchronous motor that may be over-
excited and so made to carry a wattless leading current. From curve
sheet No. 2 it is seen that under these conditions the generator will
deliver a kilowatt load approaching the kilov/olt-amperes for which it
is designed. Thruout the working range the rotor and stator deliver
very nearly equal amounts of power, and the rate of increase of power
delivered is the same in both cases. The half-frequency machine
should not work at low loads as the power factor decreases with the
output, and the armature heating would be high, resulting in a low

efficiency. At best, however, the power factor on the system on
which it is used will be low. The regulation of the machine is poor,
thus limiting its use to motor generator sets or to rail way rotary
convertors in which the effect of poor regulation is minimized.
An objection to the half-frequency generator is that it re-
quires slip-rings that carry large currents, but when the rotor and
stator divide the load evenly the rings carry but half the load and
considerably less than half the current as may be seen from curve
sheet No. 2.
In general, the success of the half-frequency generator in
commercial service seems doubtful. It would indeed be possible to
secure a slightly greater turbine economy than with the synchronous
generator, but its poor power factor is against it. In service
where a low power factor is not an insurmountable obstacle it would
be forced to compete with the induction generator, a machine cheaper
to build, of more robust construction because the rotor conductors
are copper bars as in a squirrel cage induction motor, and without
moving contacts. At all events it would be made only in moderate
sizes, as in large machines a high peripheral turbine velocity is
obtainable without exceeding a rotative speed of 750 or 1000 r.p.m.
These conclusions are based on the tests of a small machine designed
for another purpose, and so may be open to doubt, but it is believed
that the results are sufficiently decided in their character to war-
rant their truth.
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